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Abstract: 10 
Marble from the Chillagoe deposits were extensively used in the construction of Australia’s 11 
parliament house. Near infrared spectroscopy has been applied to study the quality of marble 12 
from the Chillagoe marble deposits and to distinguish different types of marble in the 13 
Chillagoe deposits. A comparison of the NIR spectra of marble with dolomite and 14 
monohydrocalcite is made.  The spectrum of the marble closely resembles that of 15 
monohydrocalcite and is different from that of dolomite. The infrared spectra of the minerals 16 
are characterised by OH and water stretching vibrations. Both the first and second 17 
fundamental overtones of these bands are observed in the NIR spectra.  Marble is 18 
characterised by NIR bands at 4005, 4268 and 4340 cm
-1
, attributed to carbonate combination 19 
bands and overtones. Marble also shows NIR bands at 5005, 5106, 5234 and 5334 cm
-1
 20 
assigned to water combination bands. Finally the NIR spectrum of the marble displays broad 21 
low intensity feature centred upon 6905 cm
-1
attributed to the water first overtones.  It appears 22 
feasible to analyse marble through the use of NIR spectroscopy.   23 
 24 
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Introduction 28 
Marble is extensively used as a building material as may be found in the construction of 29 
Australia’s parliament house. Several thousand tons of marble from Chillagoe was used in the 30 
construction of Australia’s parliament house which opened in 1988.  Marble is a non-foliated 31 
metamorphic rock composed of recrystallized carbonate minerals, most commonly calcite or 32 
dolomite. Geologists use the term "marble" to refer to metamorphosed limestone; however, 33 
stonemasons use the term more broadly to encompass unmetamorphosed limestone. Different 34 
types of marble may be found depending upon whether the marble is a dolomite or calcite 35 
marble.   36 
 37 
Metamorphism causes variable recrystallization of the original carbonate mineral grains. The 38 
resulting marble rock is typically composed of an interlocking mosaic of carbonate crystals. 39 
Primary sedimentary textures and structures of the original carbonate rock (protolith) have 40 
typically been modified or destroyed. Pure white marble is the result of metamorphism of a 41 
very pure (silicate-poor) limestone or dolomite protolith. The characteristic swirls and veins 42 
of many coloredcoloured marble varieties are usually due to various mineral impurities such 43 
as carbonaceous material, metal oxides and sulphides, sand, chert and clays, which were 44 
originally present as grains or layers in the limestone. Green coloration is often due to 45 
serpentinite resulting from originally high magnesium limestone or dolostone with silica 46 
impurities. These various impurities have been mobilized and recrystallized by the intense 47 
pressure and heat of the metamorphism. The objective of this research is to develop 48 
techniques to distinguish different types of marble and distinguish the marble from other 49 
carbonates which may be incorporated into the marble deposits.  50 
 51 
Extensive marble deposits occur in the mining town of Chillagoe, Atherton Tableland, 52 
Queensland, Australia. Chillagoe is historically famous for the mining of gold, copper and 53 
zinc.  Extensive limestone caves exist in the Chillagoe-Mungana area. The geology of the 54 
Chillagoe region is complex and diverse. The extraction of marble from the Chillagoe 55 
deposits is illustrated in Figures 1 and 2. Extensive variation in the marble is found with an 56 
example of the quality marble provided in Figure 3. Three types of marble are found 57 
including ‘soft’ marble which is readily cut and ‘hard’ marble which is difficult to cut and 58 
destroys the diamond cutting blades. It is suggested that microdiamonds exist in this type of 59 
marble. Black marble is also found. For the soft marble, few distinct crystals are noted 60 
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whereas in the hard marble different types of crystals are readily observed.  Different types of 61 
minerals such as allanite and pyrite are found in the Chillagoe deposits.   62 
There are many applications of near infrared spectroscopy
1-9
.  Many of these studies 63 
have been applied to minerals and soils
9-14
. One means of studying the distant planets and 64 
comets is the use of NIR spectroscopy
3, 4, 6, 7, 15-17
.  Recent studies have used desert 65 
environments to test potential applications of spectroscopy to Mars analog environments 
18-
66 
20
.Thus, the technique of NIR spectroscopy can be applied to the study of minerals such as 67 
marble, calcite and other carbonaceous materials. The technique of NIR spectroscopy can be 68 
used at distances away from the spectrometer using a fibre optic probe and the NIR technique 69 
does have the possibility of detecting carbonate minerals
21-24
.  Many carbonate minerals 70 
contain both bonded water and adsorbed water; several minerals contain hydroxyl groups
22, 23, 
71 
25
. NIR spectroscopy lends itself to the study of these minerals. In the case of damaged 72 
marble requiring replacement, then a technique to analyze the marble is needed. NIR 73 
spectroscopy offers such a technique.  74 
NIR spectroscopy has often been referred to as ‘proton’ spectroscopy.  This means 75 
that any mineral or compound containing protons will be able to be determined using NIR 76 
spectroscopy.  Thus, because of the presence of water and OH units, the hydroxyl and 77 
hydrated carbonate minerals lend themselves to analyses by NIR spectroscopy Near–IR 78 
spectral regions may be conveniently divided into three spectral regions (a) the high 79 
wavenumber region above 7500 cm
-1
 (1.3 m) attributed to electronic bands.  (b) between 80 
5400 (1.85 m) and 7500 cm-1 (1.3 m) attributed to the first overtone of the fundamental 81 
hydroxyl stretching modes (c) the 4000-5400 cm
-1
 (2.5-1.85 m) region attributed to water 82 
combination modes.  This paper reports the detection of selected carbonate minerals in 83 
marble and related carbonates using NIR spectroscopy with a fibre optic probe. 84 
Experimental 85 
 86 
 Minerals 87 
 88 
The marble was sourced from Stone Export Australia (Chillagoe marble mines).  Chillagoe in 89 
northern Queensland, Australia was once a thriving mining town for a range of minerals, but 90 
is now reduced to a small zinc mine and some marble quarries. It is within the local 91 
government area of the Shire of Mareeba, Queensland, Australia. 92 
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 93 
The dolomite was sourced from the dolomite mining operation in Australia at Ardrossan on 94 
northern Yorke Peninsula, South Australia
26, 27
.   Dolomite, composed of calcium and 95 
magnesium carbonate (CaCO3.MgCO3), has a theoretical composition of 45.65% MgCO3 and 96 
54.35% CaCO3.  Some minimal variation in composition can be expected and some minor 97 
replacement by other cations such as iron can be expected. 98 
 99 
Monohydrocalcite was sourced from Robe on the Limestone coast of South Australia as a 100 
component of beach sands of Lake Fellmongery and Lake Butler. It is a mineral that is a 101 
hydrous form of calcium carbonate CaCO3·H2O. It was formerly also known by the name 102 
hydrocalcite, which is now discredited by the International Mineralogical Association. It is a 103 
trigonal mineral which is white when pure. Monohydrocalcite is not a common rock-forming 104 
mineral, but is frequently associated with other calcium and magnesium carbonate minerals 105 
including calcite.  106 
Near-infrared (NIR) spectroscopy 107 
NIR spectra were collected on a Nicolet Nexus FT-IR spectrometer with a Nicolet Near-IR 108 
Fibreport accessory (Madison, Wisconsin).  The reason for using a fibre optic probe is the 109 
ease of operation and the fact that the probe can be brought to the mineral and can be used at 110 
some distance from the spectrometer. A white light source was used, with a quartz beam 111 
splitter and TEC NIR InGaAs detector.  Spectra were obtained from 13 000 to 4000 cm
-1
 112 
(0.77-2.50 µm) by the co-addition of 256 scans at a spectral resolution of 8 cm
-1
. A mirror 113 
velocity of 1.266 m sec
-1
 was used.  The spectra were transformed using the Kubelka-Munk 114 
algorithm to provide spectra for comparison with published absorption spectra. Spectral 115 
manipulations, such as baseline correction, smoothing and normalisation, were performed 116 
using the software package GRAMS (Galactic Industries Corporation, NH, USA).  117 
Mid-IR spectroscopy 118 
Mid-infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 119 
with a smart endurance single bounce diamond ATR cell  over the 4000525 cm-1 range 120 
obtained by the co-addition of 64 scans with a resolution of 4 cm
-1
 and a mirror velocity of 121 
0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio. 122 
  123 
5 
 
 124 
Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, 125 
Germany) software package which enabled the type of fitting function to be selected and 126 
allows specific parameters to be fixed or varied accordingly. The Lorentz-Gauss ratio was 127 
maintained at values greater than 0.7 and fitting was undertaken until reproducible results 128 
were obtained with squared correlations ( r
2
) greater than 0.995.  Band fitting of the spectra is 129 
quite reliable providing there is some band separation or changes in the spectral profile.  The 130 
band intensities were calculated as a percentage of the total normalised band intensity.  131 
 132 
Results and discussion 133 
Near-infrared (NIR) spectroscopy 134 
 135 
 Spectra may be divided into (a) the spectral region between 5500 and 8000 cm
-1
 (1.85 136 
m-1.3 m) corresponding to the first fundamental overtone of the mid-infrared OH 137 
stretching vibration (b) the spectral region between 4000 and 5500 cm
-1
 (2.5-1.85 m) 138 
attributed to the water OH overtones, carbonate combination bands; (c) the spectral region 139 
between 8000 and 12000 cm
-1
 1250 nm and 833.33 nm) corresponding to the second 140 
fundamental overtone of the OH stretching vibrations and also includes electronic bands 141 
resulting from transition metal ions in the structure 
28-36
.   142 
 143 
The near-IR spectrum of marble, dolomite and monohydrocalcite are reported in Figure 4. 144 
These spectra show the spectrum over the complete spectral range from 4000 to 9000 cm
-1 
145 
(1.3-2.5 m). NIR spectroscopy of the three types of marbles used in this study namely the 146 
‘soft’ marble, the hard’ marble and the black marble gave NIR spectra which to all intensive 147 
and purposes were the same. So for the remainder of this paper only the spectra of the ‘soft’ 148 
marble are shown. A number of observations may be made: firstly the NIR spectra of all 149 
three carbonate minerals are different and NIR can be used to readily distinguish these 150 
minerals.  Different types of marble are found worldwide and may be  basedbe based upon 151 
dolomite or calcite. In the case of the Chillagoe marble, XRD shows the marble is based upon 152 
calcite. 153 
 154 
The overall spectrum may be subdivided into sections based upon the origin of the NIR bands 155 
as listed previously. The NIR spectra of marble, dolomite and monohydrocalcite over the 156 
4000 to 4500 cm
-1
 spectral range are shown in Figure 5. The simplest spectrum is that of the 157 
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monohydrocalcite and it does show some differences to the spectrum of marble.  This is not 158 
unexpected as the Chillagoe marble is based upon calcite and monohydrocalcite is hydrated 159 
calcite. Some similarity exists between the spectrum of dolomite and marble. Bands in this 160 
spectral region are due to combination and overtone bands of carbonate vibrations in the mid-161 
IR spectrum.  These bands in this spectral region are probably a combination of water and 162 
carbonate bands. Carbonate bands are normally found in this spectral region resulting from 163 
the doubling of the symmetric and antisymmetric carbonate stretching bands 2(ν1+ν3).   A 164 
number of bands are observed in the 4000 to 4500 cm
-1
 region. These may be simply 165 
described as combination bands resulting from combination of bands in the mid-IR spectral 166 
region. 167 
 168 
The NIR spectra of marble, dolomite and monohydrocalcite over the 4500 to 5500 cm
-1
 169 
spectral range are illustrated in Figure 6. Bands in this part of the spectral region are 170 
attributed to water stretching and bending vibrations and combination of water bands and 171 
carbonate vibrations. The NIR spectrum of marble shows two bands at 4625 and 4653 cm
-1
 172 
which are assigned to carbonate combination bands 
22, 23, 25
 . NIR bands of marble at 4937, 173 
5005, 5106, 5234 and 5391 cm
-1
are due to water vibrations 
21, 37, 38
. The NIR spectrum of 174 
monohydrocalcite shows water bands at 4698, 4819, 5041 and 5213 cm
-121, 37, 38
.  175 
 176 
The NIR spectrum of marble and monohydrocalcite over the 5500 to 6200 cm
-1
 spectral range 177 
are displayed in Figure 7.  Dolomite does not show any intensity in this spectral region. The 178 
reason for this is that dolomite does not contain structural water. There is a strong 179 
resemblance between the two spectra in Figure 7. The intensity of the NIR spectrum of 180 
marble is of a lower intensity than that of monohydrocalcite.  NIR bands for marble are noted 181 
at 5684 and 5773 cm
-1
 and for monohydrocalcite at 5611, 5712 and 5524 cm
-1
. It is suggested 182 
that these bands are due to overtones of water (namely the addition of ν1 and ν3, and also ν1 + 183 
ν2).  184 
 185 
The NIR spectra of marble, dolomite and monohydrocalcite over the 6200 to 7400 cm
-1
 186 
spectral range are reported in Figure 8. For monohydrocalcite, two sharp bands are observed 187 
at 7197 and 7227 cm
-1
.  These bands are attributed to the first fundamental overtone of the 188 
water (OH) stretching vibrations.  Broad NIR bands for monohydrocalcite are noted at 6542, 189 
6662 and 7048 cm
-1
 and are assigned to the first fundamental overtone of OH stretching 190 
vibrations. The NIR spectrum of marble shows a very broad feature centred upon 6905 cm
-1
 191 
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which may be resolved into component bands at 6427, 6672, 6905 and 7086 cm
-1
. These 192 
bands are attributed to the first fundamental overtone of the OH vibrations. The NIR 193 
spectrum of dolomite in this spectral region displays a sharp band at 7238 cm
-1
 with broad 194 
bands at 6886, 7064, 7147 and 7199 cm
-1 23, 24, 39
.   195 
 196 
 197 
Conclusions 198 
This paper shows that NIR spectroscopy can be applied to the study of carbonate minerals 199 
including marble, dolomite and monohydrocalcite.  The application of NIR spectroscopy to 200 
the study of marble means that if marble in a construction has to be replaced, then NIR 201 
spectroscopy can be used to match the marble samples. Further, NIR spectroscopy may be 202 
used in the field to identify different marble samples.  203 
 204 
Samples of marble from Chillagoe, North Queensland, Australia have been analysed by near-205 
infrared spectroscopy. A comparison is made with the NIR spectra of dolomite and 206 
monohydrocalcite. NIR bands are attributed to carbonate combination and overtones of the 207 
carbonate fundamental bands observed in the mid-infrared spectrum and the water 208 
combination bands and overtones. The first fundamental overtone of OH bands is observed.   209 
A strong similarity between the NIR spectrum of marble and monohydrocalcite is noted.  210 
 211 
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